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Marine bioinvasions are occurring around the world at a 
growing rate (Levine and Antonio 2003; Rilov and Crooks 
2009) and coastal systems, including rocky intertidal 
shores, sandy bays, estuaries and harbours, are becoming 
increasingly impacted and transformed by alien species 
(Grosholz 2002; Byrnes et al. 2007; Rilov and Crooks 
2009). South Africa is no exception and increased shipping 
traffic and commercial aquaculture movements have 
resulted in the introduction and establishment of rapidly 
increasing numbers of alien marine species (Mead et al. 
2011a). Despite this, the study of marine invasions in the 
region has a relatively short history, starting in earnest only 
in the 1990s (Griffiths et al. 2009a). 
The first inventory of alien species in South Africa was 
produced in 1992 and documented just 15 species (Griffiths 
et al. 1992). This was followed by two updates in the next 
decade (Griffiths 2000; Awad 2002) that increased the 
number of recognised alien species to 22. Robinson et al. 
(2005) first made the distinction between alien and crypto-
genic species (species of unknown origin), reporting 10 
and 18 such species, respectively. Up to that point, recent 
introductions had been the focus of listings, and with the 
recognition of long-established historical introductions, and 
a broadening of the taxonomic coverage of the lists, the 
number of alien species known from the region increased 
markedly, to more than 85 alien and 30 cryptogenic species 
(Griffiths et al. 2009b; Mead et al. 2011b). The most recent 
listing by Robinson et al. (2016) further recognises the 
distinction between alien species (whose presence in a 
region is attributable to human actions that enabled them 
to overcome fundamental biogeographical barriers) and 
invasive species (alien species that have self-replacing 
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Biological invasions continue to increase around the world, with impacts on many coastal marine systems. Here 
we review the South African marine invasion literature which, despite the field being relatively new, has grown to 
have significant presence in both the local and international arenas. Of the 79 papers reviewed, 70% focused on 
the establishment and spread of alien species, with modes of transport and introduction largely overlooked. An 
emphasis was also apparent towards field studies, in particular survey work, with few experimental studies. The 
overwhelming majority of papers focused on a single species, the Mediterranean mussel Mytilus galloprovincialis, 
reflecting the scale of this invasion and the tractable nature of rocky shores as study systems. With the exception 
of this one species, the impacts of marine alien species have rarely been quantified. We suggest that future 
research extends the taxonomic coverage of present work and develops a better understanding of the mechanisms 
of introduction, establishment and spread of marine alien species. Through an experimental approach, the drivers 
of altered ecological patterns and processes resulting from invasions should be addressed, providing insight into 
associated impacts. This approach will maintain the local applicability and international relevance of South African 
marine invasion research.
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populations over several generations and have spread from 
their point of introduction). This resulted in the recognition of 
36 alien and 53 invasive species. Inevitably, such lists will 
continue to expand into the future, both as more existing 
invasions are detected and as new ones take place. 
Besides these inventories, numerous studies have 
considered the distribution, spread and impact of marine 
invasions along the South African coast (e.g. Reaugh-
Flower et al. 2011; Peters et al. 2014). Thus, after more 
than 20 years since the first publication on marine alien 
species in this region, we consider it appropriate to 
assess progress in the field and to identify gaps in current 
knowledge and approaches. 
The purpose of this paper is therefore twofold: firstly, 
through reviewing the existing South African marine 
biological invasion literature, we aim to provide an overview 
of past research to analyse the taxa and systems that 
have been studied, the invasion stages considered and the 
research approaches applied. Secondly, we aim to identify 
gaps in present knowledge that can be used to inform future 
research into marine biological invasions in South Africa. 
Material and methods
To examine the nature of marine invasion biology research 
we searched for all papers that were published on marine 
species with explicit reference to them being alien in South 
Africa. We sourced papers appearing up until the end of 
2014 from our personal databases, Internet searches (using 
the search terms ‘South Africa’, ‘marine’, ‘alien’, ‘invasive’, 
‘non-native’, ‘non-indigenous’, ‘exotic’ and ‘invasion’ in 
Google Scholar and Web of Science) and by crosschecking 
the references cited in these studies. 
For each publication a variety of metrics were extracted, 
including the geographic focus of the study, invasion 
stage considered, marine system under consideration, 
target species, type of study and whether impact had been 
assessed (Table 1). In order to compare the frequency of 
papers considering this range of metrics, Chi-squared 
goodness of fit analyses were performed. 
Results and discussion
The field of marine invasion ecology in South Africa is 
in its relative infancy, with the majority of the 79 papers 
published on this subject appearing in the past 20 years 
(see Supplementary Appendix S1). Although a few studies 
appeared in the early 1990s (n = 6), the field did not have 
a considerable presence until the early 2000s, with the 
cumulative number of publications increasing from one 
paper in 1990 to 57 by 2010 (Figure 1). The majority of 
these papers (73.7%) appeared in the international litera-
ture, with just over a quarter (26.3%) in local journals. 
As invasions by alien species require transport and 
introduction of species to a novel location (Blackburn et al. 
2011), they are arguably the most important steps on which 
to focus management of invasions (Puth and Post 2005). 
However, this importance is not reflected in an equiva-
lent research focus. In fact, of the 57 papers that consid-
ered a single invasion stage (i.e. transport, introduction, 
establishment or spread), the significant majority focused 
on establishment (38) followed by spread (13), whereas 
transport and introduction were addressed in only three 
papers each (χ2 = 78.78, df = 3, p < 0.001; Figure 2). In 
addition, few studies focused on harbours and marinas, or 
mariculture facilities, despite these being important points 
of entry for alien species in South Africa (Mead et al. 2011a; 
Peters et al. 2014).
The differential focus on invasion stages may be partly 
accounted for by accessibility for study, with establishment 
and spread of invasive species being considered more 
easily quantifiable in relative terms (Parker et al. 1999). 
Although South African marine invasions include species 
that have invaded a variety of marine systems, the focus of 
the published research shows a strong bias towards rocky 
intertidal systems (χ2 = 156.44, df = 7, p < 0.001; Figure 3). 
Aside from rocky intertidal systems being highly tractable, 
this bias appears to be driven also by the occurrence of the 
abundant invasive Mediterranean mussel Mytilus gallopro-
vincialis in these systems. Of the 72 empirical papers, 
all but eleven focus on single species and 59% document 
this one mussel invasion (χ2 = 305.39, df = 9, p < 0.001; 
Figure 4). However, many of these studies pertain to the 
biology and life history of M. galloprovincialis in a broad 
Metric Definition
Geographic focus Local; international
Invasion stage considered Transport; introduction; establishment; 
spread
Marine system under 
consideration
Intertidal rocky shore; intertidal 
sandy shore; coastal inshore; 
harbour/marina; subtidal; estuary; 
aquaculture facility
Target species Species name
Type of study Field survey; field manipulation; 
laboratory experiment; review
Impact considered Ecological; economic; human health














































































Figure 1: Number of papers published on South African marine 
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ecological context and not specifically within the framework 
of invasion biology (e.g. few directly considered impact). The 
absence of recorded alien species from various groups for 
which local taxonomic expertise is lacking (e.g. Nematoda) 
is notable and unlikely to indicate that such groups in fact 
lack alien representatives. It is important that the presence of 
alien species within such inconspicuous taxa should also be 
quantified, so that awareness of alien species is not recorded 
only when negative impact has occurred (Jaubet et al. 2013). 
In all, 59 papers were based on single study types, with a 
bias towards field surveys (30 papers; χ2 = 21.88, df = 3, p < 
0.001; Figure 5). Survey work is very important for recording 
species presence and range expansions and such data 
provide vital baseline knowledge of coastline communities. 
However, marine invasion research in South Africa would do 
well to build on this solid foundation and develop a parallel 
focus on understanding the drivers of altered ecological 
patterns and processes that result from invasions. Particularly, 
future research should seek to assess impacts associated with 
alien species. Of the 79 papers reviewed, only 27 addressed 
ecological, economic or human health impacts and 70% of 
these considered the single species M. galloprovincialis. 
Presently, impact has been assessed for only 16% of marine 
alien species known from South Africa, with the impacts of 
some diverse groups (e.g. isopods) remaining completely 










































































Figure 2: Number of peer-reviewed papers focused on South 






























































Figure 3: The marine systems under study in the South African 
marine invasion literature











































































































Figure 4: The distribution of papers focusing on multiple or single 
species. Classes represented by horizontal lines: (a) Bivalvia, 




























































































Figure 5: The various study types represented in the South African 
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eradicate alien species are prioritised based on their negative 
impacts (Kumschick et al. 2012; Blackburn et al. 2014), it 
is a matter of urgency that the impact of those presently 
unassessed species be considered. 
It is also notable that little to no attention has been paid 
to marine invasions in the countries bordering South Africa. 
Although limited taxonomic knowledge and expertise 
concerning even the native biota no doubt hinders such 
work, South African experience with global invaders (e.g. the 
ascidians Ciona robusta [formerly known as C. intestinalis] 
and Botryllus schlosseri) would be easily transferable to both 
Namibia and Mozambique.
Through this systematic review of the South African 
marine invasion literature, a strong focus on documenting the 
establishment and spread of non-native species is evident, 
whereas important aspects of transport and introduction have 
been neglected, potentially leading to the lack of scientific 
support for management actions that aim to prevent introduc-
tions and minimise spread. The role of harbours and marinas 
as sources and sinks of marine invasions along this coast 
is currently not well understood and should be addressed 
by future work. The considerable emphasis on field-based 
observations has provided a baseline understanding of 
occurrence and spread of such species, but a move towards 
manipulative experiments that draw out a focus on impact 
will provide greater understanding of the implications of 
invasions. This information will provide vital support to 
invasive species management. 
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